The Nepoidea superfamily belongs to the water bugs' infraorder (Nepomorpha) and consists of two families-Belostomatidae and Nepidae. Species from those families are the largest of all nepomorphans and are considered to be top predators in aquatic ecosystems. A characteristic feature of the group is the existence of short antennae concealed in grooves behind the eyes, which is an adaptation to the water habitat. The antennae bear many types of sensillar structures, which receive signals from the environment. Among such structures, mechanosensilla were of the greatest diversity. The antennal sensilla of species from both families were examined under the scanning electron microscope. 11 essential morphological types of sensilla were distinguished, including 5 new mechanosensilla types (sensilla paddle-like, cone-like, squamiformia, brush-like and club-like). Basal types of mechanosensilla such as trichodea, chaetica, basiconica (subtype 1) and campaniformia occur in Nepoidea and other Heteroptera. In some representatives of both families, sensilla paddle-like and sensilla basiconica type 1 were observed. Moreover, sensilla chaetica and cone-like were found in some species of Belostomatidae, whereas in Nepidae sensilla squamiformia, brush-like and club-like were observed. Apart from mechanosensilla, one type of thermohygrosensilla (ampullacea) and two different shaped olfactory sensilla basiconica (subtypes 2, 3) and coeloconica (subtypes 1, 2, 3) were found. It could indicate sensilla use in the identification of the water reservoirs and locating prey.
Introduction
Aquatic heteropterans (Nepomorpha) play an important role in organizing the invertebrate community structure in natural water pools (Runck and Blinn 1994; Blaustein 1998) . The most significant are the largest species (e.g., Belostomatidae, Nepidae, Notonectidae). They are considered to be the top insect predators in those aquatic ecosystems (Waters 1977; Runck and Blinn 1990) . Nepomorphan species are distributed worldwide, although the greatest diversity is shown in the tropics (Schuh and Slater 1995) . They prefer still water habitats, such as shallow, muddy pools or slow-moving streams and most of them are sedentary hunters (Menke 1979) . Infraorder Nepomorpha consists of 11 families (Chen et al. 2005 ) grouped in seven superfamilies (Hebsgaard et al. 2004; Brożek 2014) . The first taxon, the Nepoidea superfamily, is placed as the basal branch of the Nepomorpha phylogenetic tree and consists of two families: Belostomatidae and Nepidae (Popov 1971; Hebsgaard et al. 2004) . As a rule, the basic taxon represents the most plesiomorphic condition, so some of the characters can be considered as basic original morphological structures in Nepomorpha. The morphology of Nepomorpha clearly expresses adaptive traits and the body composition is different in every family or even subfamily. In Belostomatidae, the body shape is more or less oval, in Ranatrinae it is elongated and baton-like, whereas in most Nepinae it is flat and oblong-oval (Popov 1971) . The size of their body varies from small to large. In belostomatid species, it is 9-110 mm long and in nepid species it is 15-45 mm. The antennae of Nepoidea are short and either concealed in grooves behind the eyes (Belostomatidae), or lie flat under the head (Nepidae), usually with finger-like processes on one or two segments. There are four antennomeres in Belostomatidae and three antennomeres in Nepidae (Schuh and Slater 1995; Chen et al. 2005) . Generally, insects rely heavily on the perception of chemical stimuli 1 3
for foraging, as well as intraspecific and interspecific communication (Cossé et al. 1995; Attygalle et al. 1996; Nishida et al. 1996; Yarden et al. 1996; Paulmier et al. 1999; Drijfhout and Groot 2001) . The most important receptor organs are antennal sensilla, considered to be the primary insect peripheral olfactory system for most insects (Chapman 1998; Keil 1999; de Bruyne and Baker 2008) . Those are structures that receive signals from the environment. Different types of sensilla were described according to the type of signal. They are classified into four main groups-olfactory sensilla, gustatory sensilla, mechanosensilla and hygro-and thermosensilla. Moreover, sensilla are classified into more groups, according to their cuticular structure (Slifer 1970; Altner and Prillinger 1980; Hallberg and Hansson 1999) .
Generally, insect antennae possess a considerable diversity and high density of sensilla with tactile, olfactory or gustatory function (Inouchi et al. 1987; Isidoro et al. 1996; Kim and Leal 2000) . The incidence, density and distribution of different types of sensilla differ among species and, to a variable extent, between sexes within a species (Esslen and Kaissling 1976; Ågren 1978; Martini 1986; Jourdan et al. 1995; van Baaren et al. 1999 ). These differences in sensillar equipment are probably related to differences in taxonomy, ecology, mating system and other behavioral aspects of the species or their sexes (Wcislo 1995; Merivee et al. 1999) . In nepomorphan species, because of their watery life, sexual behavior is realized through the signal/stridulatory system (Jansson 1973) . So what type of sensilla are present in the antenna of the water bugs? So far, in the whole Nepomorpha, only labial sensilla type and function have been described by Brożek (2013) . The sensory organs are common in the insects and are located in the antennae, mouthparts (labium, labial and maxillary palps and proboscis), genitalia, legs and wings (Peregrine 1972; Backus 1985; Brożek and Bourgoin 2013; Brożek 2013; Brożek and Zettel 2014; de Bruyne and Baker 2008; Guerenstein and Hildebrand 2008; Nichols and Vogt 2008; Devetak et al. 2004; Kanturski et al. 2016; Wang and Dai 2017) as well as on other parts of the body (Catalá 1996; Chapman 1998) .
In this study, we investigate the sensillar morphology and distribution on the antennae of nepid and belostomatid species and define the role of antennal sensilla for these aquatic insects. The studied species probably differs considerably with regard to the numbers and shape of the chemical and mechanical sensilla that are important for the sensory system. We expect differences in the Nepoidea's sensory system because sensilla are important for their various biological/ ecological behavior. Also, sensilla can be different in particular taxa of Nepoidea and other heteropteran species.
Materials and methods
The morphology and distribution of sensilla of two subfamilies of Nepoidea were examined. We did not focus observation on sexual dimorphism.
This study is based on the dry material of seven genera from two families. All material was cleaned, drained in ethanol, coated with a gold film and photographed using a Hitachi scanning electron microscope and Phenom XL scanning electron microscope in the scanning microscopy laboratory of the Faculty of Biology and Environmental Protection of Silesian University in Katowice. The species that were examined were obtained from the Natural History Museum in Vienna, the Moravian Museum in Brno, the National Museum in Prague and the Zoology Museum in Copenhagen. Designation of the species after Štys and Jansson (1988) and Nieser et al. (2010 
Results
According to the role they play, sensilla have different shapes and different internal structures. Therefore, they are being grouped in types. The characteristic features are the presence of pores, surface and shape of the sensillum and socket type. Generally, the sensilla arise from two types of cuticular sockets. Flexible sockets have a thin cuticular membrane, which is continuous with the general body cuticle and the hair. It provides greater mobility at the base of the sensilla (mechanosensilla). Another type (inflexible socket) is when sensilla arise from a cuticle without a membrane (chemosensilla and thermo-hygrosensilla). The characteristic morphological features of the antennal sensilla and their classification are based on the papers of Slifer (1970 ), McIver (1975 , Altner and Prillinger (1980) , Hallberg and Hansson (1999) , Shields (2010) and Nowińska and Brożek (2017) .
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During our studies, different shapes of antennae were observed and the basal terminology for description was used after Popov (1971) , Schuh and Slater (1995) and Chen et al. (2005) . The terms "dorsal" and "ventral" consistently refer to the short body axis (orientation toward eyes).
Antennae of Belostomatidae consist of four antennomeres and are provided with a singular process (pr) on the second and third antennomeres. The length of these processes is 100 µm-2.6 mm (Table 1 ) and these elements increase the lateral surface of the antennae. In Belostoma elegans, Laccotrephes and Ranatra, the last antennomere is the longest. In Diplonychus annulatus, the processes on the second and third antennomere are small and easy to distinguish. In studied species of Hydrocyrius and Lethocerus, the last antennomere resembles the processes on the second and third antennomere. Furthermore, in the species of Lethocerus, we observed an additional short process (prs) (around 0.5 mm) on the last antennomere, which has not been described before. In species from Nepidae, antennae also bear singular processes despite having only three antennomeres. The process is located on the second antennomere and in different species 130 µm-1.7 mm long (Table 1) . In Nepa cinerea, the process extends along the main axis of the antenna. However, in the studied species of Laccotrephes and Ranatra, the last antennomere tends to bend toward the process on the second antennomere. That process extends across the main axis of the antenna and its length is similar to the length of the antennomere. Only the antennae of Ranatra grandocula show some differences. The third antennomere is the longest, and the process on the second antennomere is very short. In both families, the antennae have a wider lateral surface for a bigger number of sensilla without the need of lengthening Based on the study, 11 types of sensilla were observed and, depending on their morphological characters and function, the following three groups of sensilla have been described (Table 2; Figs. 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) .
I. Mechanosensilla (Table 2 ; Fig. 3 ). Nine types of sensilla have been classified (S. trichodea, S. chaetica, S. cone-like, S. brush-like, S. campaniformia, S. club-like, S. paddle-like, S. squamiform and S. basiconicum (SB1)) within this group. Three subtypes were distinguished (ST1, ST2, ST3) just within sensilla trichodea:
Sensilla trichodea (ST)-these are hair-like sensilla, varying in length. They are usually thin and taper from base to tip. They arise from flexible sockets and were observed on every antennal segment (Figs. 3, 7b, 8a, b, d, 9f) . Due to differences in surface, shapes and sizes, three subtypes of these sensilla were distinguished.
Sensilla trichodea (ST1)-these are long, thin sensilla, with a smooth surface. They are straight, soft and flexible.
They were observed in all the examined species (Figs. 3, 7b, 8a, b, d) .
Sensilla trichodea (ST2)-these are long, straight or curved at the tip sensilla with a slightly rounded tip and a ribbed surface. They were also found in species of both families (D. annulatus, H. colombiae, L. indicus, L. patruelis, N. cinerea, L. fuscus and L. fabricii) (Figs. 3, 6e, 9f) . In L. indicus, they cover most of the anterior surface of the antennae. In other species, they occur more rarely although usually not singularly.
Sensilla trichodea (ST3)-these are long sensilla, flattened through the whole length, ribbed, found only in the L. indicus and patruelis, on the inner edge of the third and fourth antennomere (Fig. 6c, d ).
Sensilla chaetica (SCh)-these sensilla are much more rigid than trichoid sensilla. They are long, sharpened at the tip, ribbed and arise from flexible sockets. Sensilla chaetica (Figs. 3, 4d, 5a ). Cone-like sensilla (SCoL)-these are short, thick sensilla, rounded at the tip, with a ribbed surface, not occurring in groups. Sensilla arise from the flexible sockets. They were found on the dorsal side of antennae in L. indicus (Figs. 3, 6f) and L. patruelis.
Brush-like sensilla (SBL)-these are slightly curved sensillum with the same thickness over the entire length, microtrichia on the top half, a smooth surface and a flexible socket. The sensillum occurs on the last antennomere in N. cinerea (Figs. 3, 8d) .
Sensilla campaniformia (SCa)-these are flat, oval discs with a single pore observed on their surface. They are inserted in flexible sockets and occur in different places of the antennomere. They are present in most of the examined species (Figs. 3, 4e, 5d, 6a, 7d, 9d) .
Club-like sensilla (SClL)-in this type of sensilla, the base and shaft are more or less of the same width. The tip (Fig. 4) ST1 , ST2, SCh, SCa SB2, SB3, SCo3 Hydrocyrius colombiae (Fig. 5) ST1 , ST2, SCh, SCa SA SB2, SB3, SCo1 SCo2, SCo3 Lethocerinae
Lethocerus indicus (Fig. 6 ) ST2, ST3, SCh, SCa, SCoL, SB1 SA SB2, SCo2
Lethocerus patruelis (Fig. 5 ) ST2, SCh, SCa, SPL2 SA SB2, SCo2 Nepidae Nepinae Nepa cinerea (Fig. 7,8 Laccotrephes fuscus (Fig. 9 ) ST2, SCa, SSq SB2, SB3, SCo3 Laccotrephes fabricii (Fig. 9) ST2, SCa, SPL1 SSq SA SB2, SB3, SCo2, SCo3 Ranatrinae Ranatra grandocula (Fig. 10 ) SClL, SCa SA SB2, SB3, SCo3 Ranatra linearis (Fig. 11) SPL1, SCa SB2, SCo2, SCo3 Ranatra unicolor (Fig. 12) SCa, SPL1 SA SB2, SCo2, SCo3 of the sensillum is slightly rounded. The sensillum is ribbed on the whole surface. As all the other mechanosensilla, they arise from flexible sockets. Club-like sensillum was found only in R. grandocula and occurs as a single structure on the surface of the first antennomere (Figs. 3, 10b) . Paddle-like sensilla (SPL)-they arise from the socket with a narrow lower part and then gradually widen to a flattened tip (Figs. 3, 4b, 5e, 8a, 9c, 11b, 12d ). They have a smooth surface and arise from flexible sockets. Two types of paddle-like sensilla were found. Elongated paddlelike sensilla (SPL1) were observed in the family Nepidae (Figs. 3, 8a, 9c, 11b, 12d) , while shortened paddle-like sensilla (SPL2) were observed in both families (B. elegans, L. patruelis, L. fabricii, R. linearis, R. unicolor) (Figs. 3, 4b , 5e).
Sensilla squamiformia (SSq)-these are sensilla that vary in shape and size. They are slightly rhombic shaped, resembling a broad leaf. Usually they are smooth, covered by short hairs. They arise from flexible sockets. They were found in Nepa and Laccotrephes. Generally, they occur on the first antennomere (Figs. 3, 9a, c) .
Sensilla basiconica (SB1)-these are straight cones with a smooth surface and flexible socket. They occur between two antennomeres, as they are believed to play a proprioceptive role (Figs. 3, 4e) .
II. Thermo-hygrosensilla-a pit organ belonging to the so-called "peg in pit": Sensilla ampullacea (SA)-they are characterized by a round external, cuticular opening to the outside, in which no peg is visible because it is set internally at the bottom of a tube. Sensilla ampullacea rise from inflexible sockets. They were found in B. elegans, L. indicus, L. patruelis, N. cinerea, L. fabricii and R. grandocula. These structures were considered to be sensilla, because of their single appearance and no evidence of secretion, which would indicate glandular structures. However, the function should be confirmed with ultrastructural studies (Figs. 3, 5f, 7d, 8b, 9b, 10c, 12a) .
III. Chemosensilla-these are sensilla with porous surface, different lengths and shapes. There were two subtypes patruelis. SCh sensilla chaetica, SCo1 sensilla coeloconica subtype 1, SCo3 sensilla coeloconica subtype 3, SB3 sensilla basiconica subtype 3, SCa sensilla campaniformia, SPL2 sensilla paddle-like subtype 2, SA sensilla ampullacea of sensilla basiconica (SB2 and SB3) and three subtypes of sensilla coeloconica (SCo1, SCo2, SCo3) distinguished:
Sensilla basiconica (SB)-straight (SB2) or bent toward the antenna (SB3) cones with porous surface that rise from inflexible sockets. They are found on the second and third antennomere. On the second antennomere, they are usually organized in groups growing along with sensilla coeloconica. They are more sparsely distributed on the third antennomere and on the process of the second antennomere. Porous sensilla basiconica are common for the examined species (Figs. 3, 4f, 5c, 7b, c, 8c, 9d, e, 10a, 11a, d, 12b ).
Sensilla coeloconica (SCo)-they are peg in pit sensilla, slightly embedded in shallow open cavities of the cuticle (SCo1) or growing over it (SCo2-occurring as small pegs, SCo3-visibly bigger pegs growing over the cuticle). They bear pores at the tip as long as on the whole surface and are embedded in inflexible sockets. Sensilla coeloconica are numerous and occur in groups on the antennal surface. A characteristic feature for the examined species was the occurrence of SCo3 at the tip of the antennae (Figs. 4c, 7a, 12c) and SCo2 on the process of the fourth antennomere in L. indicus and L. patruelis (Fig. 6a) . Sensilla coeloconica were found in all the Distribution of sensilla in Nepa cinerea. SPL2 sensilla paddlelike subtype 2, ST1 sensilla trichodea subtype 1, SA sensilla ampullacea, SB3 sensilla basiconica subtype 3, SCo3 sensilla coeloconica subtype 3, SBL sensilla brush-like examined species (Figs. 3, 5b, 6b, 7a, c, 8c, 9b, 10d, 11c, 12a, c) .
Discussion
This paper contains a detailed morphological study on the antennal sensilla of Nepoidea using scanning electron microscopy (SEM). In previous studies, the general morphology of antennae and the presence of sensilla (trichodea, chaetica and basiconica) have been reported by Popov (1971) , Schuh and Slater (1995) and Chen et al. (2005) . Moreover, scant data based on ultrastructural study of the sensilla of two species (Nepa cinerea and Ranatra linearis) have been presented by Chaika and Sinitsina (1999) . The authors described sensilla chaetica and sensilla papillae in the mentioned species, with emphasis on their chemosensory function.
The antennal sensilla of Nepoidea are very interesting due to their water habitat. In this study, we focused essentially on the inventory of the antennal sensilla of several species belonging to this taxon. Also, we research whether the differences between families or species might have favored fuscus. SSq sensilla squamiformia, SA sensilla ampullacea, SCo3 sensilla coeloconica subtype 3, SPL1 sensilla paddle-like subtype 1, SCa sensilla campaniformia, SB3 sensilla basiconica subtype 3, SB2 sensilla basiconica subtype 2, ST2 sensilla trichodea subtype 2 Fig. 10 Distribution of sensilla in Ranatra grandocula. SB3 sensilla basiconica, SClL sensilla club-like, SA sensilla ampullacea, SCo3 sensilla coeloconica subtype 3 Fig. 11 Distribution of sensilla in Ranatra linearis. SB2 sensilla basiconica subtype 2, SB3 sensilla basiconica subtype 3, SPL1 sensilla paddle-like subtype 1, SCo3 sensilla coeloconica subtype 3 differences in the equipment within antennal sensilla. We discuss whether the complexity and importance of mechanical and chemical stimuli relevant for water species lead to the expectation of the number of sensilla types. We also investigate whether it leads to possibly higher or lower density on antennae, compared to the types of the sensilla in semi-aquatic and terrestrial heteropteran species.
Sensilla types and function of Nepoidea
Twelve morphological types of sensilla have been described and their probable functions have been indicated in the aquatic bugs examined during these studies.
The most conspicuous mechanosensillar characteristic in the Nepoidea species is the presence of S. trichodea and S. campaniformia, which seem to be typical for both families. These sensilla are more or less numerous in particular species. Sensilla campaniformia are present in all species. Sensilla trichodea were found to be more dominant in Belostomatinae and Lethocerinae than in Nepinae. In Ranatrinae, sensilla trichodea were absent. The other common type of mechanosensilla-sensilla chaetica, present in many heteropteran insects (Chinta et al. 1997; Slu 1980; Akent'eva 2008; Ahmad et al. 2016; Nowińska and Brożek 2017) , is poorly represented in Nepoidea. Less numerous sensilla chaetica were observed only in Belostomatidae (H. colombiae or L. patruelis). However, several other types of mechanosensilla, which are not common among heteropteran insects, were found in some species of these water bugs. A characteristic feature of these sensilla types is a sparse occurrence on the antenna. The sensillum cone-like (SCoL) is characteristic of Lethocerus. Other special sensilla, brush-like and club-like, were present in Nepa and Ranatra, respectively, whereas in Nepa and Laccotrephes a group of sensilla squamiformia was present on the first antennomere. Furthermore, some sensilla paddle-like were designated as mechanosensilla in species of Nepidae and Lethocerinae and they displayed morphological similarity (SPL1, SPL2) between these taxa. Strangely, due to the lack of sensilla trichodea and chaetica on the antennae of Ranatra, their singular paddle-like and club-like sensilla are probably mainly responsible for mechanosensillar signals.
Sensilla basiconica (SB1) represent also mechanosensilla. However, they probably occur in most of studied species. Due to their usual place of occurrence (between the antennomeres), it is possible that many of them are hidden.
Chemosensitive sensilla basiconica SB2, SB3 are well represented in all of the Nepoidea species. Due to their surface being mostly covered with wall pores, it seems that they are olfactory sensilla. We distinguished another type of chemosensilla-sensilla coeloconica, with three subtypes that also have an olfactory function. Modifications of the sensilla seem to be a part of insects' adaptation to the aquatic environment. Sensilla basiconica (SB3) tend to bend toward the main axis of the antenna, while usually all sensilla coeloconica are short and hidden, protecting themselves from mechanical interference. Based on the presented data, it seems that the olfactory system in Nepoidea is rather poor. Probably, it consists of few sensilla basiconica and a small group of sensilla coeloconica, although the sets of olfactory sensilla are different in some species. Only H. colombiae have been equipped with all types/subtypes of olfactory sensilla (SB2, SB3, SCo1 SCo2, SCo3). In the remaining belostomatid species, the olfactory system consists of three types of less numerous sensilla (SB2, SB3, SCo3) (as in B. elegans and D. annulatus) and two types (SB2, SCo2) in L. indicus and L. patruelis. Similar differences in set and types of olfactory sensilla were estimated in Nepidae, where only one species L. fabricii had four types of sensilla (SB2, SB3, SCo2, SCo3). However, the other species possessed two various sets of sensilla and they differed in the presence or lack of the two types of sensilla basiconica or coeloconica. In L. fuscus, N. cinerea and R. grandocula, the set of the olfactory sensilla, include two subtypes of sensilla basiconica and one subtype of sensillum coeloconicum (SB2, SB3, SCo3). The opposite set of sensilla (SB2, SCo2, SCo3) was distinguished in the next taxa, R. linearis and R. unicolor. However, the olfactory sensilla placodea that were observed in other insects and heteropteran bugs (Ahmad et al. 2016; Nowińska and Brożek 2017) do not occur in Nepoidea.
The presence of an olfactory system in some species of water bugs was previously pointed by Chaika and Fig. 12 Distribution of sensilla in R. unicolor. SA sensilla ampullacea, SB2 sensilla basiconica subtype 2, SCo2 sensilla coeloconica subtype 2, SPL1 sensilla paddle-like subtype 1 Sinitsina (1999) and the present data confirm it, based on the porous wall of sensilla basiconica and coeloconica in other water bug species. Terrestrial insects usually use their olfactory system to detect sexual pheromones as well as other olfactory stimuli. In nepomorphan species, however, because of their watery life, the sexual behavior of the species is realized by the signal/stridulatory system (Jansson 1973) , so the olfactory sensilla are used only when the species are on the water surface or on land.
As for thermo-hygrosensilla, it turned out that numerous sensilla ampullacea occur almost in every species : B. elegans, H. colombiae, L. indicus, L. patruelis, N. cinerea, L. fabricii and R. grandocula . It seems that the thermo-hygrosensilla that were found on these taxa probably play a role in the location or identification of water reservoirs during settlement. This could explain the presence of thermo-hygroreceptors found on the antennae in these groups. According to Duviard (1974) , relative humidity and temperature are limiting factors for flight of the belostomatid insects. Other studies also suggest that the presence of thermosensilla in water insects is due to their dispersal flight behavior (Song et al. 2017) . Also, metathoracic scent glands, which are believed to be used to mark the trail to the egg clutch (Smith 1997) , have been found in Belostomatidae. Therefore, it might be an explanation for the presence of olfactory chemosensilla on their antennae.
Nepidae live near the surface of water. When undisturbed, they keep contact with the atmosphere with the use of siphons. Only some Ranatrinae are able to settle in deeper water. They do not actively hunt, instead hiding in the mud or vegetation, waiting for prey. When prey comes, they grab it with the fore legs. Sensory organs, especially the apical ones on the fore tibiae, are believed to play a role in helping to locate potential prey (Hoffmann 1927 (Hoffmann , 1933 Chen et al. 2005) . During this study, sensilla were found on the tip of the antennae (SCo3) of many species. These are believed to be chemosensilla. We speculate that it may also help aquatic bugs with locating prey. The behavior of Belostomatidae is believed to deviate slightly from Nepidae when it comes to feeding habits. There are indications that Belostomatidae, besides hiding and waiting for prey, may actually be foraging (Smith 1997; Cloarec 1989a Cloarec , b, 1991a Cloarec , b, 1992 Chen et al. 2005) , so the species need different types of chemosensilla to be able to recognize various chemical substances with their olfactory system. Because the antennal sensilla may be associated with chemical perception and different behavioral responses (Zacharuk 1980) , the antennal chemosensilla (porous sensilla basiconica and coeloconica) in Nepoidea species are similar to the other terrestrial bug species.
Differences between Nepoidea and other heteropteran groups
One of the aims of our study was to confirm if the true water bugs have a lot in common with the semi-aquatic bugs when it comes to the character, types and distribution of antennal sensilla. Both groups are connected to water habitats. The difference is in how they adapt to them. Semi-aquatic bugs (Gerromorpha) live on the water surface, on aquatic plants or near water reservoirs (Andersen 1982) , while Nepoidea prefer being submerged in water (Menke 1979) . Another difference between these taxa lies in the length of their respective antennae-the antennae of Gerromorpha have been studied (Andersen 1982) and did not show a big difference between semi-aquatic bugs and terrestrial Heteroptera. The antennae are long and easily visible because they grow beyond the length of the head, similarly to terrestrial heteropterans (Nowińska and Brożek 2017) . However, in Nepoidea the antennae are always difficult to see because they are concealed behind the eyes and bear additional processes on the antennomeres, unlike in Gerromorpha (Schuh and Slater 1995) . Antennomeres of species of Belostomatidae (B. elegans, H. colombiae, L. indicus, L. patruelis) tend to curve toward the ventral side of the antenna. The processes on the second and third antennomeres (and the small process on the fourth antennomere in Lethocerus) are also curved. However, we did not observe any curving of antennomeres or processes in Nepidae. Moreover, in some of the species examined (B. elegans, Lethocerus, L. fuscus, L. fabricii, R. linearis, R. unicolor) , the last antennomere is the longest and tends to bend across the main axis of antenna, resembling the process on the previous antennomere. However, other authors (Popov 1971; Schuh and Slater 1995) described this part as an antennomere in belostomatid and nepid species, and did not distinguish the processes' surface on this structure. We decided to describe it in the same way as the authors mentioned above (Popov 1971; Schuh and Slater 1995) . In both Belostomatidae and Nepidae, most of the species studied had their antennae extending in width rather than length, with the processes extending across the general axis of the antenna. The antennae remain short but by extending in width, they extend the sensory surface. Besides the length of antennae, there is a visible difference in the density of sensilla. While in Gerromorpha all of the specimens examined had the antennae covered with sensilla trichodea (Nowińska and Brożek 2017) , in Nepoidea only Lethocerinae and Nepinae had the sensilla surface covered with sensilla trichodea. Based on the images, it has been observed that in Lethocerinae there were more of these sensilla than in Nepinae. However, in Nepoidea, we discovered greater diversity in mechanosensilla in general. Nine main types of mechanosensilla have been found in Nepoidea, while only five have been found in Gerromorpha (Nowińska and Brożek 2017) . Moreover, there are six main types of antennal sensilla pointed by several authors in Heteroptera. Those are sensilla trichodea, chaetica, campaniformia, coeloconica, basiconica and placodea (Catalá 1997; Gracco and Catalá 2000; Guerenstein and Guerin 2001; Carbajal de la Fuente and Catalá 2002; Slu 1980; Chinta et al. 1997; Rani and Madhavendra 2005; Ventura and Panizzi 2005; Rani and Madhavendra 1995; Brézot et al. 1997; Sinitsina and Chaika 1998; Ahmad et al. 2016; Akent'eva 2008; Nowińska and Brożek 2017) . The antennae of Gerromorpha are considered to bear only three of these main sensilla types.
In Nepoidea, five main types of sensilla, present also in other Heteroptera, were found, except for sensilla placodea. Additionally, five new types of mechanosensilla have been discovered (sensilla cone-like, brush-like, club-like, paddlelike and squamiformia), not similar in shape to the sensilla present in terrestrial and semi-aquatic bugs.
The sensory organ in the antennae that has been already studied and is not considered in this examination is the Johnston's organ. It is located in the second antennal segment and its function is to receive stimuli from the movement at the joint between the second and third antennal segments. In Nepoidea, however, it is believed to be the least developed from all Nepomorpha (Hüfner 1939; Chen et al. 2005 ).
Conclusions
The antennae of Nepoidea essentially differ in shape and length from the antennae in Gerromorpha (despite the similar environment) and terrestrial bugs. The presence of the lateral processes on the antennomeres in this taxon increases the sensorial surface.
Generally, Nepoidea have less numbers of sensilla in comparison to other insects. However, essential basal types of sensilla constitute the entirety of their antennal sensory system. The characteristic feature of Nepoidea is a great morphological diversity when it comes to mechanosensilla. Nine types were recognized, five of which were new for this taxon. So far, such types of antennal sensilla have not been described in other heteropteran species. Each species tends to have only one type of thermo-hygrosensilla performing this function. Chemosensilla/olfactory were found in all the examined species and are believed to play specific roles in the behavior of the water bugs.
